We present a self-consistent theory of magnetic short-range order based on a spin-rotation-invariant slaveboson representation of the 2D t-J model. In the functional-integral scheme, at the nearest-neighbour pairapproximation level, the bosonized t-J Lagrangian is transformed to a classical Heisenberg model with an effective (doping-dependent) exchange interaction which takes into account the interrelation of "itinerant" and "localized" magnetic behaviour. Evaluating the theory in the saddle-point approximation, we find a suppression of antiferromagnetic and incommensurate spiral long-range-ordered phases in the favour of a paramagnetic phase with pronounced antiferromagnetic short-range correlations.
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Experimental evidence has been accumulating that high-T c superconductivity in the perovskite copper oxides develops in the presence of strong antiferromagnetic (AFM) spin correlations, which may have important implications for the pairing mechanism. The interesting low-temperature magnetic behaviour comes predominantly from the complicated interplay between itinerant charge carriers (holes) and localized spins (Cu 2+ ) within the CuO 2 planes. Hole doping rapidly destroys the AFM long-range order (LRO), but pronounced short-range order (SRO) is retained and may account for the unusual normal-state properties of the cuprates, such as the behaviour of the uniform magnetic susceptibility as a function of doping and temperature [1] .
Motivated by this situation, in this article we outline a theory of magnetic SRO for strongly correlated electron systems described by the 2D t-J model
(1) Applying a spin-rotation-invariant slave-boson (SB) technique within the functional-integral representation of the partition function [2] , the bosonized freeenergy functional of the t-J model takes the form
with the transformed inverse propagator (cf. Ref. [3] )
(underbars denote a 2×2 matrix in spin space). Here, the local magnetization [particle number] operators are given by 
i.e., we assume that the charge fields as well as the amplitudes of the spin components are site independent. Moreover, since the flipping time of the local magnetizations is supposed to be long compared to the electronic hopping time all bosonic degrees of freedom are treated in the static approximation.
To incorporate SRO effects, one has to go beyond the homogeneous paramagnetic (PM) saddle-point. Therefore we perform an expansion in terms of the local perturbation V i δ ij =−Ĝ 
Using spherical harmonics we are able to transform Ψ ({ s i }) [3] to an effective classical Heisenberg model (within the nearest-neighbour pair approximation):
wherē
, and V ζ and T (2) ζ (x) are the eigenvalues of V iρρ ′ and (T ( s 0 )T ( s 1 )) ρρ ′ , respectively. Note that the effective Heisenbergexchange integralJ has to be determined selfconsistently at each given interaction strength J and hole doping δ = 1 − n. Evaluating the trace over the s i -variables in the partition function [4] and hereafter adopting the saddle-point approximation to the resulting nonlocal Heisenberg free-energy functional,
the extremal Bose fields are obtained from
with
∂(y ζ ) , where
, and we have introduced the SRO parameter
with the Langevin function L(z) = coth z − z −1 . For vanishingm, we haveJ = 0, and the PM saddlepoint is recovered, i.e., our theory adequately describes paraphases without and with SRO ( m = 
To illustrate the quality of our approach, some representative numerical results are depicted in Fig. 1 . Obviously, in the physically most interesting doping region the ground-state energy of the SRO-PM phase is lower than that of the frequently discussed spiral phases and lies close to the exact data. Thus upon doping magnetic LRO make way to SRO. Note that the SRO-PM phase is locally stable against phase separation. The interplay of local and itinerant magnetic behaviour, which is self-consistently incorporated in our theory, results in strong doping (and temperature) dependences of bothm andJ.
